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(54) MEraOD AND EQUIPMENT OF LASER BEAM MACHINING 

P^S^Tb provide the laser beam machining equipment and method thereof to cut the composite material 
r^S>f^^ layers with usinglaser beam, inparticula^vd^^^^ 

rONSriTLrnON: Laser beam flux 100a, 100b, 100c correspondmg to plural layers IQA, lOB. lOL, constotutmg a 
Li: J.l^,.\m lmr>reoared, e^ch irradiating point of the laser beam flux is constituted so that the 
"S^e^^^e^r- o^™ndin^ L layers lOA. lOB IOC to be machined. Accor^, 
^^^eaSTyi loZ lOB. IOC of the composite material 10 is machined by the optimum energy densrfy. 
-^/^»>-tVlAmnal working is adiieved. 
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(5^ METHOD AND EQUIETVIENT OF LASER BEAMMACBDD^G 

(57)Abstract: 

PURPOSE- Th provide the laser beam machining equipment and method thereof to cut the composite material 
consisting of plural layers with using laser beam, in particular, ultraviolet laser beam, to pierce and groove. 
CONSTITUTION: Laser beam flux 100a, 100b, 100c corresponding to plural layers lOA, lOB, IOC constituting a 
composite material 10 are prepared, each irradiating point of the laser beam flux is constituted so that the 
optimum energy density is obtained corresponding to the layers lOA, lOB, IOC to be machined. Accordingly, 
because each layer lOA, lOB, IOC of the composite material 10 is machined by the optimvmi energy density, 
non-thermal working is achieved. 

rSuppIementarv explanation added bv YAMAKAWA] 

Figs. lA, IB and IC are views to explain a laser beam machining method in accordance with the present 
invention. In these Figures, a composite material 10 is moimted on a two-axis stage 111 which moves the 
material in X-axis and Yaxis directions at every step. Reference nxmierals 27a, 27b and 27c denote respective 
lenses corresponding to plural layers lOA, lOB, IOC. 

Figs. 2 and 3 are respective views in block diagram form of a first and second embodiments of the laser beam 
machining equipment for cutting the composite material and for boring hole(s) in the composite material, 
respective^, according to the present invention. 

In Fig 2, reference nvmierals 11a and 11c denote a first and a second light sovuces; 12a 12c, 13a and 13c 
deflection mirrors; 21a and 21c homogenizers for making imiform the intensity of the energy distribution; 14a a 
half-mirror; 14b, 14c deflection mirrors; 23a, 23b and 23c a first, second and third attenuators for attenuating the 
intensity of the energy; 25a, 25b and 25c a Sxst, a second and a third masks each having a rectangular window, 
for example; and 27a, 27b and 27c a first, a second and a third lenses for making an image of the first, second 
and third masks, respectively, on the irradiated surfece of the first, second and third layers of the composite 
material 10. 

Fvirthermore, in Fig 3, reference numerals 31a and 31b denote a first and a second shutters; 15a a deflection 
mirror; and 15b and 16 half mirrors. 
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(57) CS*')] 

[«lfiSl «^tmiO*««iT51g«tOB10A. 1 

OB. 1 0C«:?itUr^li^*l»MET5b-1f3^l 0 
Oa. 10 0b. 100c%ffiSb. »r*>^>U— 
©MW*®#^l*^^j£:fat**nXJBl OA. lOB. 1 

0 c 1/ -cs® !te i * -'I' e,n -s J: ^ KflifiS 




I J. 

csj^ 2 ] 1 taK© u -if ann^aKfc t,»t: . 
c ai*3s 3 ] 1 x« 2 f a4go u — tf *nxs^gtc*t 
B»±ffli©® J: 0 JBfcMfC-r 5±iea»© tf^es© 
unii^a. 

cs^4 ] lets® u-ifann^a{c*st>r. 
] 113314 fBK©u—tfiini^afctet*r. ' 

JJBXf -yi?attJbfB»^Wt4*±iB 1 ia«:iEf|6JtcR 

— ifttn^a. 30 

[SisaiB ] if^5ia$s®u— tfsnxs^accfcur. 
±saeGa© - If jem©-' ^-Ji/;^ MMStcia:^ f^-j^s? 

t3LtfBiits:&isitcx^9 7'3iosn. -ecttatcrw 

CF±i2«^*ti|Sf©@«c7L*s?BfiX?n. cn^aioiibT 

cai^ 7 ] 8 taa© u — ifanisaKtet^r, 40 

u>xi:&$trc i^&i^if u— ifflnxi^a. 
{mimQ ] ii^7fB«20L'— tfjjnx^acctei^r. 

±IB5feaaWJ^=1^->vu-t'' (A r F : A = 1 9 3 nm) 
ix+i^vU— tf (KrF:A = 249nm) *^tsC 

ti^NSirsu— !ftjnxs?a. so 



!^ST8 - 1 0 9 7 0 

2 

[gS*« 9 ] bS*S 1 X» 2bB«£© u— ?f Jnix^iaccte 

0 . ±iBifi^tm©ifia©Btt±ro©B J: o jstcsEnc-r 

[ft:^! 0] SI^319iBK©u-tf»llXKaK:*ji» 

±fBffl»©i^— tf^tt*fiS'r5±ie«^t*l4©« 
»©B©ttO!lDXffi±K:/<;l'XMS* Sti5<fc ^> «c«fiSSn 

mirni 1 ] iS*Si Ob2S8©u— tfJraxilstcfec* 

jjBy^f'-s^aidaiifflg^^m^iiBis^t*^© 

[81*31 1 2 ] i9*3S 1 1 ffi4S©u— iftnxi^tctei* 
•c. ±K«»©^-1f*^©''■«^^^R5S^f*«:±ffix^- 
s;'«a«: J: -3 •c±iB1g^«il4tt±iaiS^«^®/??:^i6i 
k:^ 7^ ■:fm t) S -entc J: o r±f Ba^t*fl-©S® 
tCjlH{C?l*J?gJi)ESnv Ctl%iSI'3ifiL/-C±IBlt^«^K 

u— tfjtjoxiia. 

[ai:^ 1 3 ] m^m 1 2iBi8©u— tfunxs^tcisc^ 

r, ±gE516:9^aB{i±iEJS«©U— tf3tm*SfeJarS« 
»©jt^JR i-etl{c J: S nfdS^<D \y-V^t^ 

* 1 .^icMS* 3 -a-SytibC^Sgai «rW U , isBlSa 

©*!^©«-'* »*jHix*jmqaEaiw&*i^tr * 

7-f <!:ef5©^«©S*=&'i''5^^^' <tSEVX5'© 
»=6ff[a*^«:-cie»TS/ca&©w>Xi*$tf c i^lt 
ai'T'SU-ifffllXSgS. 

1 4 ] 1 3ia3K©u— tftinxsgsjcfcii 

r. ±iB31£jattx«^=S^vL/— !f (ArF:A=193n 
m) ix^'S^-rU-- !f <KrF:A = 249 nm) €rS 

tf c i u— if Mrsia. 
ca*3ai 5] ^©B4stja^tt»*u— tftcjco 
r*iiir4:te»©u--if»ox::&ffi{c*s(,>-c. 

ffi^*mo«»©B{C«Ic; l/T«[»© U— !f 

ijeifi^*ti|s^©lffiS©B©«^ ©^^tc*f i/r«fi€c 
X* ti -S J; ^ {c±f affltfc© u —9*36 

m©^5-^®^s©jssaaf36?S3s:S-rsc: tt. 

i:ffi1S^*t3S©^©B©±ffll©®** 6T(1J©B $ •OK 
•SCii. 

[asjjoB 1 6 ] mm 1 5ffii8©u--!fflnx:^{ctec» 

■C, ±tBU— !f)l&m»ifi?S3!^4 0 0nmJi(T©SI^U 
— !f -c * S C i =fc#8i t T * P — !f »nX7^«. 

c«*ii 1 7 ] ss^a 1 esB4S©u— tf*nx:^ccijc> 
■r. ±iBls»©u-if3e»**S*nxti±tc-»N*juxfigW-r 



C3) 

3 

[19^ 1 8 ] m^m 1 7^©u-imo::»fttc*st» 
■c. 

i^jKXT^t.T'sio I/. -e-tDfiiSfc-ciiii/iiais^tm© 
[ii^ 1 9 ] nmm i sieig^u— tf»nx:^a«c*j(,^ 

-C. JJB3tiS»x4'S^-=?l/— if (ArF:A = 193n 
m) tx+ U-1f (KrF:A = 249nm) 

r. 

a^*;m©±fllJ©BJ:»))lHCC?L*J&JiSU -eti^glOiS 
CaisaB2 1 ] B9^2 0isK©u— i«JOX:*r;ffiK:*ji^ 

r. ifaMSffitttx+J^-^U-lf (ArF:A=193n 
m) tx^ty-^U-lf (KrF:A = 249nm) 
tPC 1 4#«<!: r ^ U— IfJlJX:^^. 

CIBQ§©iMIHQ:8i^] 30 

[000 1] 

»«nix»7>:«i:«inx*-rsfc«)©u-ifi]nx« 

SScZJ^^tcm J:K) mmiC jftSstH 4 O O n m« 
T©Sm«U— f*fiEffll/t:B«^i©tg^*ti»Sr^»rL. 

uxtt?«at*-r4*:«e>© u— tfjoxisasv:^ 

^KHf -5. 
[0002] 

id^^ms] mi£. *m©^»f> :f^mtxamm: 
if*s«ffl3nrc»^. siJ+i^U'— if?r^^2.i. Jinx 
T'l — j/3>jnx#rejtBr*-5. «6-ar. S£*©?ses*s 

4 0 OnmfeLh©U--!fv CO, U— tf (iSS 

A = 10. 6 am) . YAGU-1f (jffiSA= 1.0 6 
urn) i&fieffiT*J3^©«t^ec{»ttD:-C»ftt,»*>P>. J: 
0 igfflS©MX*SBjt8r * 

[0 00 3] »f*^-5.fil^U— !fiU-C. x + 

i^ry^_-*f (A r F : X= 1 9 3 nm) . i + i^-el — 
If <KrF : A = 249nm) . Nd : YAGb— !f© 50 
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4{iSia[ (A = 2 66nm) ifiibi, 

[0004] 9S9mi^-ifimmu-cimm<Dijai.i:-r 

fiJcTSig^JftJ*?.. l»ff51]DXtJ5:^)*>^^&5tinXt^c^ 
it«. ji6i1-«lU-!f©aSX. SHi^U— !f©]IS«SI5«c 

■5. tftflnx!a©iBJi4«c«. x^ju^miR^. !8ie*^. 
[0005] tjainx!^©^ffl(cfcw5.MWx^^i'=*^SfS: 
jjDXfga*J<sT-rs. ti0jnxia©^a(c*jwsfgi*i* 
xma^^-sci^i-c****. iDiaa*»a<«c»). 
[0008] «a«:jia«**ii'=<^«BE**#ffi-r 

— !f©i!SSiaJinX«»©«l14«^tfJ^*^l'^?R'R*'CJ; 
[0007] 

[fBW3&J»«bJ:^>tr*SBHl nanxigjdi*- 

^ft. -etiK J: -,r jai*mK*«ifl«flnix«: J: rtsarax 

[0008] b*»L/tt3&i6, ttSi:©a*^JBsnfca^ 
tmsSnXTSW^Kj*. »?*»4:^K:j:r>-cilft,i»nx 

cc^t UT:iSt>»^-cijnx-r s c t *i-c€f-c 4> . <fe©H{c 

[0009] *«9aB»i*4^fcfi». U— !f U 

•rig5a©JS**as$nfcia-&tt«si-*Jnx-?--5is^K:. a; 
tiffifficcTjsnx-rs c t^t-c* 5 !fttx$^ssy=:;»7 

[0010] ^^Bftfd^i-^vKffii^. !f?:^L 

■cffi»©Ji*«SJisnfcis^w«-«rJnxr-5J©^K:. jsu 

[0011] *:%is«ftf*>-s.^.«ciE*. mi>\-m — -tf* 
» LXB8i»ix=fe-r s A:*© u — tmixiSSRiyf:^* 

[00 12] 

[SjS*lif9i-S* ■&/£*©#©] *SIWlCj:-5<!:. m« 
EIl-li|3CC5tTJ:5K:. 1g»©)Bl OA. 1 0 B. 1 



(4) 



!^^8 - 1 097 0 



SI OA. lOB. 1 DCK:ati£:ur«Bet<DU-if3l£^ 
*^-r -5 36=^SIS t ±iE1S^«-ff 1 0 =£3^ L ±ieffi 

^«I4 1 0 4±ic53t^®K:*ti/-c^ttS-es/t«)©;:^ 
-issasi iit^mu ±i2«»©u— !f*m©jias* 

A. lOB. 1 OCCDS<rK:3tl/r«3i«CX*Jl/=f«att 

CO 0 1 3 ] *^?SK:J:5i, mtf@l~03CC7r:-r 
SA. 3^4 0 0 n m«TCD»?ttSlU-?fr** C iJfel^ 
[0014] mi*ai~EI3«Cjr?-r 

±i2«^*mi OCOffiBtOHl OA. lOB. 1 
[0015] *»9iK: J:S ffJAKH l ~BI 3 K.7rcr 

^tt*tfs-r ■siiBta^tm i o ©^©a i o a . i o 

10 Cfi!3aSnXffl±K:-»'Cji/Xjf©*3ti* J: 5 {c«fiS 

[0 0 16] :*:^CCJ:5i, 1 ~0 3 (C^T 

J:^.^. ifj!iin^a«:*jc>r. ±gB^-2^SISl 1 

1 tt±ffia-&*t«. 1 0 =&±iB 1 iijs^i&ifcRiyf^ nfc^ 30 

S 1± -5 J: -5 {C^JffiS tltrt* 4 C t -r 4. 

[0017] ^^PiKASi. mtiia 1 ^la 3 tcs^-r 

^©-'^•;^>^«ai^«tc±fa;^-i>$gS 1 1 1 «c«t r>-c±ge . 
ist^tm 1 0 »±iBffi^tm 1 0 oW5*r^ic ;^ 5^ i:^ 

figsn^i. ±sx-j^ai 1 itci-orjjBtt^w 
<s|.i ctt±S2iiiDS:*riPjtc;^f-f -eo^ta 
{c-ciicf±fH«^tt»i o©Hcca*sBs£$<i. cn« 40 

iSOilU-Ciialfi^ttisH 0©®€:JilBlii[|9tc?&->r 

[0018] *I6Wk: J:4i. m«0 1—03 fCn^T 

«a©l — if3l£«%fl£gSEf ■S/{:&©a»©3fe^*=S:^ 
S0t^3K©#'» 1 1 aXBl 1 cix*il/=^r 

1 c ix:^.;l'^?SK€rj^-r-5ft:i«>©Tff-^--^2 3 
a. 2 3bX«2 3 ci3T5©^*^;©^'&«-rS^;^i'2 
5 a . 2 5 b J?.tt2 5 c <bSvXi'©»*Mtt.^.K:rlS 50 



{fe$#^ft:a&©U>X2 7 a. 2 7bX«2 7ci*^ 
[0 0 1 9 ] *%?5CCJ:^>i. t!S^tfiai~ia3tC7r;-r 

j:^cc. u— !fjinxs?a«:4si,»r. ±ga)6®«x+J^^ 

I'— tf (A r F : A = 1 9 3nm) ix^fs/vu— !f 
<KrF:X = 249 nm) «:*tfC i^t^mit?*. 

[0 02 0] *%WK:j;*<h. mwiai-iaBtc^"^" 
j:5(c. u— !fJDXS^a«:4si»-C. ±ga«st©u-if3t 
3|!{cJ:SRISt*ttlSI-^"C*«3. JJEffl^tt^l 0©« 
»©^ tJiffiiJ©®.*: 0 MicMitf S±SB^?»© u -If 5^ 
^©S«rK:J:-5-C?L*sjgfiS3ti. *ntcJ:-,T±iaa^ 

tmi 0K:7L36«}gfiiEsn«J:5Ki«tfiS3n'r(,»4cis 

[002 1 ] *^?IK:J:*t. m«Hl~03«:7r:-r 
jt'^tc. u— !fttr$ia«:*jir»r. ±fBl®IK©w— tf^te 
s»>pnE-r -siJBfi^tm 1 0 <Dism<om i o a . i o 
B. 1 oc©isann:s±«:^^vi'XRss*3n*J:9«:«)sx 

[0022] 3»c«W{C i. 1 ~H3 tCzn-T 

J:5{c. u— tfJjnX$ia«c*si,>-C. ±fB:^-t?$ISl 1 

1 «±f aa-^ttw 1 0 i:±sm^*m i o ©;? s 

[002 3]*»9?«:**i. W^«Hl~03(C7rcr 
^©^N-jUyCM««K±fB^-£?Sgai 1 ItCi-^-CiiB 

m^tm 1 0 ixism^tm i o ©j? s^&isi tc;^ 7^ 

fLOi^lSSti. cn=&«»)igL'-C±8Ba^ttfl-l 0«:?L 
[0024] *^K:J:-5 <t. mtfia 1 ~H3 Ks^-r 

-C^S ti/clg»© U — If 1 JilifcRSS* s •& *fca> 
©«3^ai%W0. J:i3^©3fe^lS©S^tt*iSt 

x*;^^qalffi«*^^^t•r•5fc«>©**^^:^ ''^if i ^ 

[0025] 1 ~03 {c5^-r 

. j:5K. u— tfjnx$ga«:*ji,>r. ita^jsitx+i^v 

U— !f (A rF : A = 1 9 3nm) ts-^l^TU-lf 
(KrF : A = 24 9nm) ^-^tsC 6%^mtr^. 
[0026] *:^«: J;^ {fj^tfS 1 ~03 fc^-T 
Jr^tc. a3St©®l OA. lOB. 10C*-&tfS^« 

141 0 * u-tf ec J: -> rflnx-T s fc*© u -if Jrax:^ 
ccfci^r. li^tmi o©ffi®:©ei OA. lOB. i 

0C(cMfSl/-r^©U— !f3l£*€:fflST§Cii. ± 
S31@^***41 0©a»©® 1 OA. lOB. 10C©& 
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S^SiaST i C £ <t . ±iBffl^t*l4 1 0 Olfi»©B 1 0 
A. lOB. 1 OCCD±iiJ®JB3Dt.e.TlilOJB3:-CJ©lcM 

[0 02 7 J *^?|{cJ:ii. m«Hl~H3K:m-r 
[0 02 8) :*:»Bj(cJ:Si, mtfSl^HSCC^T 10 
[0 02 9] *^B^{Cj:Si. miSHltC^'T.fc^' 

fiEU. yc«:±iait^ttf4i 0 filial SS:3Ji6i«:xf":» 

*jgiSL. cti*«ioiioT±ss^tmi ooa&i 20 

0©±ffliJ©BJ:0)iaJC*OBfl/. en^SiDiib-CUBffi 
^tm 1 0 *«)»rrs J: 5«c«tJiSSnrir»4 C t. €r1^ 

[0030] W|iL«S 1 -03 (CS^-T 

U-tf (ArF:A=193nm) tx+J/vU-tf 
(KrF : A = 249nm) ^■^tS<Lb.^Wktn>. 
[0 03 1] ^^K:j:5i, W*«*H3«:n*rJ:!> 

tc. u— tfJnx:^K:*ji,»r. ±JBffi5gt©u— f*m© 3o 

jbbro. ■?-nK:±orpjDta3aK:r±8E»'&tmi 0© 

±»J©B«t:»)JBtc7Lir?efiSU, ^n*glOigUr±gBl® 
OJCfL^r^fiSE-rSJc^tC^Sn-Cl^iCt^r 

[0032) *:||BJ«Ci5 Wl^«ia 1 ~0 3 {Cmf 

U-1f (ArF : A=193nm) ix.+i'-^'U— 
(KrF : A = 2 49nm) *^tfCtS!|*ai-ri. 40 
[0033] 

©IB 1 0 A. 1 0 10 c«:j*or-en-en*rjsrs 

U-1f3te* 1 0 0 a . 10 0b. 100c:«iffi«*n. 

»r*^.& u-if7fem©S'!j «*t)S;r .sisaojatcst urs 

-sr. 1g-^*t)f4l 0©SB 1 0 A. 10 8. lOClJS 
[0034] 50 
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[glifeWl JWTiCia I ~I2 3 4:#jSL-r3js:^^©^«ai 

K:oi,»rsiiar-&. 5tnai«:#ML/-r*«is{cisu 

tm^^'^'^h^^mt. 1 0»2*fi;^5^- 

0*2f**(*J{cx^-y:/3SI«3-rsCi*i 

0. YtttCSetCZltt^i-S. 2«;^^-i'l 1 itta 

[0035] «^15*»4 1 0 {*»»©«. wiAtar. ±flBI© 
»1©JB1 0A<!:if|ffl©m2©ISl 0BiTflJ©^3© 
ai 0C©3-:>©Il*$tJ. M*>'S3r>©|g 1 0 A. 1 
OB. 1 0C»lH,»«cM'^4#fi^K:J:->-c?^fiRShr(,> 

[0036) 2 l4Xf--y 1 1 1 <S>iimiC%^-^miS. 

^fSSnrt^S, :*:f^t?«. aoC^lOA. lOB. 

1 0C{C>l*Ic.L/r3o©U'--tfil&l OOav 10 0b. 
10 0c %»X«*&-r S J: ^ {C»]5R3n-Cl>5. U-1f 
*10 0a. 10 0b. 1 00 cttWA«^'!Jl':i^)IW*3 

[0037] »r*»-S3fe^^(*3 ^©U— »f3fe 100a. 
100b. 1 0 0 c*«ti-€'tiill*"rilK6U>X2 7 
a. 27b. 27CSWL. »f*^5*il£U>X2 7 a. 

2 7 b. 2 7c ttYii«:?Q-3r)lH>Xa6-~46*lTt>6. 

[ 0 0 3 8 ] H 1 A«c^-r J: 5 W»rtto:*-rs« 
^. 2.^^7.^-V' \ 1 itciotris^^mi 0{tYtt:^3 
isjtc^ttu. a^t*f4 1 0 ©» 1 ©JB 1 0 A©5«SSB© 
affitcH 1 OU-t^it 1 0 0 aJ&JJISItsn^Jr^KEa 

[0 03 9] 01©U--»fjfel 0 0al*l^ 1©J11 OA 

<r3^VL/^)\^%m^iir\.. SMWStcffi^tt^n o«z 

:^©>^f^7-/jtOS». 01©U— tf^ei 0 0a©l 
3 7 h ©Mi* k: J: o r n/csr 1 ©JS 1 0 A©J? 
S^KBS^Ul'. C^L-C. mi<t«63tU>-^2 7a*> 

1 ©H 1 0 A©«I)in:ffi* -eo^ESitJ^K:— Eccs 
/cn. -eticcj: •:>-c. » 1 ©s 1 0 A©tSt*io:ffi(ctjw 

[0 04 0] 0i©u-ifpl£i 0 0 a^cJ:^^^•;^xMt^ 
tcj:r>m 1 ©e 1 0 AK:5=i:*^J^fiS$n. ■?-©5t©a?$ 

< ») M 2 ©H 1 0 B©^S*SJitl -5 <!: . tt^tt 

m ott2#;^f"-s?i 1 iK:J:-9rY*43&r^i«:?&o-c 

T'^Ofit*. mi©U— f*l 0 OafCj:-7-C»l©® 

1 OA{cj^J5SStifc?l©iitS«:B5^L/t». 

[0 04 1] C^Ur. ISl©U-tf3fel 0 OaKJ:^ 
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-cm^tin 1 0 col^ 1 ©® 1 0 A K:Ki>im'XB^iti. 
ilgSLfcatC J: o-Cfi^«« 1 0<DS 1 <DH 1 0 Mm 

[0 04 2] mi<D\^—*f^i 0 OaCCiiMStx^^l' 
=ma»^ 1 ©B 1 0 A«:MXT?>/c»tcgjSftffi*ia 

1 OA%?)^XT^>fc^^>^cfi®^i^t^x;^J^=pafS=&ffi#l 
5. 

[0 04 3] C^LT:. »lcr>U— !f3fel OOafCj;-? 10 
-Cffi^**** 1 0 <DM 1 ©8 1 0 Aifim-X^Witamti. 

mi<om 1 0 A©a53©jft*ij&fi£*n2.. o 

[0 04 4] HI BK^-rJ:^^:. 02©U--tf3fel 
OObtimiOV'— !f3tl 00 a{Cj:-5-r?^fiE3tifcSI 
trfl8S*-r'&J:^{c«RJ3ti-Cl>2>. fiCor, m2©^- 
1f3eiOOb«:J:ora^t*if5H 0©SI2©Jil OB© 
mWifimSiStis ^tiK.J:-yXmz<omi OBifitOJiS 
h^.. M2©U-if5tl 0 0 btcJ;^M»^i*J^=i^ffiS 20 

iim2<Dm 1 0 B5&}rax•r■5/c^6«:s^i^^tfii*sjs^RS^^ 

IP%. m2©U--!f^l 0 0 bW. IP2©ei OB 

[0 045] HICK^-TJc^K:. 2fA:^-f— S^lll 
*5Y«*i«iK:j|K:SJttL/. -eticcjrorffi^^mi Ofe 
JKC^ft-rS. ^<0m. »l©U--tf3fel OOaKio 
t:ffi^«» 1 0 ©^ 1 ©B 1 0 AfctrtJ&iWKSn. m2 
©U— !f*l 0 0btcJ:r>-C«^tmi 0©»2©B1 
0By£W*J«3»r$nS. ae-o-C. ^1©U— Ifi^:! 0 0 30 

BLiR.ifm2<DU'-iri/ti 0 0 b{cj;o-ca^tmi 0© 

1 ©JB 1 0 AS.Of02 ©JB 1 0 B©ai3©^J^]3t3 
[ 0 0 4 6 ] H 3 © U— !f:3fe 1 0 0 c W^r* 

•rsJ:5«:«5S§nrt»s. se^r. i^«icc. 03©u 

— !f561 0 0 c{cj:-5rlfi^*t»i 0©S|3©Bl6c 

o«®*5MS* s n. -entc J: oT^a ©b i o c *s»ai 
i£{3:M3©Bi oc*jjpx-^-sfc««>«c«3a«c<t*«att?s 

tlS. IP'^. llf3©U— !f3fel 0 0 c«. M3©B1 0 40 
[00471 ObX. *0««CJ:St. 3r?©)lJ;0^c 

-s^^W)^ 1 0 irmm-r^i^. ^ i © u— tf* i o o 

a{Cj:-:>-Clll©Bl 0A*i«JK$n. II2©U— lf3lc 
100b«:J:r>rM2©Bl 0B*iWK3tl. M3©U 
-tf^l 0 0 c{C<t-7rS3©® 1 0C*i^»fSiT.2>. 
[ 0 0 4 8 ] i^S. W±a^*t*4 1 0 ^r^Kr Sti^SCO 
l>-ClftWtfc3&J. 03©U-— tf3ei 0 0 c^^sSMUfet* 
C<kCCj:-,T:M3©Bl OCife-WSrJ^b. ^tltCi^r 50 



ItM^a- 1 0 970 
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»*0fiS^4Ci«>"C*^. Xtt. IS2Sc;iif3©l — 
■IfjfelOGb. 1 00c*«fflU^j:UCiK:J:-,T3»2 

Rcfii3©BioB. 1 oc*^i/. -e-ticci-s-cai* 
[0049] 02 t#R8U'C*%?BK:j:s tftnx^ 

[0050] w— tfattrssawa^tm i o *$gsur 

1 1 i»n{pS2lA;^^-i^l 1 l*3S»-rS5£ 

eii3i*wrs. 

[005 1] 2^XT~-i>\ 1 1 ©±:^tCtt^®lv- 
1f3tm. m«3o©W— !fitl 00a. 10 0b, 1 
0 0 c4fil«^-r*/i:*©*^***iBaStl-C<,*i. »f*> 
i3oOU--!f361 0 0 a. 10 0b. 1 0 0 c 
XflSJW3ti-5J:^«:«li£3tiTi,^J:l,». ^^J^ttSlS 
C;fM2©U--f*l 0 0 a, 1 0 0b?:Se^T2»:fc*O 
»l©36^*iM3©U— !f*l 0 0 o«:JS«tr4/t8«> 
©M2©ife^5S<!:«^tf. 

[0 05 2] 01©it#»{illl©3feiKl 1 at»t*^S 
*iBl 1 a*>6©*l 00 ab=&(BlSair5SllRi:?M2 
©l@[eiS5- 1 2 a. 1 3 aii^JU'^^SrS-flj^J^- 
tcf •5/tSi>©'^*^^-<'f 2 1 a ^:»f*>^.'^•*^i^:^■^■9' 
2 1 atciotx^Jt'^qaja^t&iiJ^-fb^iafcTlSmi 
00ab%2-3©3lcmi0 0a, 1 0 0 b{C:fl^-rS.'> 
-7 5 5-1 4 at«rWrS. 

[ 0 0 5 3 ] M 1 ©jfe^««M«:. 5 -7- 1 4 a 

«:j:ot:»^nte»i©3tmi 0 0 a©x^Jl'=^--?^«: 
^g<^§-Jf 5/cJ«>©^l©T 9f^*-3f 2 3 a t^^tji'B^ 

^mx\ivmo^^m-nm i © v;^ 2 s a i ^ i © 

^ejRl 0 0a%KbKbrgfl©vXi7 2 5a©«€:«^ 
1 0 ©gS 1 ©B I 0 A©MI*BK:<Sfi!$-a-.5ft:«)© 
^l©U>-:^2 7ai€:WrS. 

[ 0 0 5 4 ] uri ©*^{a:Htc*fc. 5 7- 1 

4 a tC J: •:>-C©e.nft:ll2 ©36« 10 0b ^mit^fc 
8t>©lir3©(Sl5 5 5-14 b(»:X^i;l'=1^e*i^S-»± 

4fc8«)©02©rvf-*-tsr2 3 b ia^^cj^wi^a 

J£J^©SK%W-r-5^2©-^^i'2 5bi^2©3femi 0 

0 b**?6U-C02©-5':^i'2 5 b©IS^S^*tl4l 0 
©»2©B1.0 B©l5«ffi«:iS{feSi*SycJf>©^2©U 
>X2 7bi*=rr5. 

[0055] 02 ©36^3KIJ3&2 ©ifeaS 1 1 c <i:»i*^5 
5^1 1 c*>€.©3fel 0 0 c*<lrSl-rSII4S,C/ll5© 
|g,S, = ^_12o. 1 3 c 

■r■5/c^&©**^^:^-<•f 2 1 c i»f^iS**>':^-f■!f 2 

1 c<,Ci:r>XS.^)V^^^^^ifii^{t^i\^citm 0 
0 c4(Br^T5^6©<ei^^5- 1 4cix^;U=^^]S 
*?^$-li-4fc*©l^3®7f ^*-^»2 3 ciig^Jfe 
Jgi^jm«j©^©^*=9'^-S^3©v;:^i; 2 5 c illS 



u 

■^i^n 1 0 <om 3 om i o commmi^t&st sm>fcit 

<D^3(DU>X2 7 c 

[0 056 3 llil?:#Mb-CSiWUfcJ:5CC. ^ 1 . SI 
2RC/»3©U-1f3tl 0 0 a. 10 0b. 100c« 

*n-e*xig^tt«-i o®» 1 . 2Ru^3<Da i o 

A. lOB. 1 OCSrMr-r-SfcS&Kga^CjlMti^^l' 

[0 057 ] miRy=»2CW6SSl 1 a. 1 1 bOifiS 
tt. »2Raf»3<Dl^-1fJtel OOa. 1 00 10 

b. 100 c«:j:or«^#N-i o©ili. masD-'m 
3OS10A. lOB. 1 occosfiOnixffiK-cajS^c 

[0 058] ^lS:CX^2c?«i£®l 1 a. 1 1 b»jfi^ 
tc5Slj^U-1f-r*orJ:C>. WitW. II1<03I6«1 1 
&itJidri/'7U—1f (ArF : A = 249nm) ■C$>r> 
rj:<. ^2<031HS1 1 b»x:^S/vu— !f (KrF : 
A= 193nni) "C^o-r J;<»». 

[ 0 0 5 iB 1 aattjia«j-*Ji'^?ss*fi-5/c«6{c. m 20 

K »2RJ:fm3©Tu^^-*.-4'23 a. 23b. 23 
c*sggg5S*iT<l:<. miv m2&CJm3©v;^i'2 5 
a. 2 5 b. 2 5 cOSECD^jWSBfSSn-C it*. 
[ 0 0 6 0 ] H 3 *#ML'-r*^?a«C J;5 U -1f ttTS? 

[0 0 6 1 ] ctDU'-irmj^mm^im i o 

1 lA^WrS. »f*»*l«^f"-5^1 1 1A»H2© 
{Q&lnlSltCBI^l/ftt^^l 1 3«)±(C^$n-ri: 30 

[0062] 1 iftXf -S^ 1 1 1 ACD±^«:B5e^^*l 

StJ£:Lr|®SS©u-1f?BRv mtf3o<DU— T^BR 1 
OOa. 100b. 1 DO c*^L. »f*>S3o©U 
— Jf^lOOa. 100 b. 1 00 efCioT^-n-e 

nfi^**|EH o©0i. m2s.iy^^3<Dai OA. 10 

B. 1 octtT^rattsns. »f*»s3-:)©u— tfiismi 

00 a. 100b. 100 c W«^*mi 0<t>#)S©Jn 

3o©U-1fjfe«l 0 0a. 100b. lOOcttm 

[0063] J(lf3&»S3fe^l*» 1 Rt^m2®U— !f5t 1 
0 0 a. 1 0 0 b*ffi#t-^-S:fc26©lll©3t^3^<hlS3 
©U— Ifpfe 10 0c ^tmiti>fc^(Dm2(D:^^mti 

[ 0 0 6 4 ] m 1 ©^te^i^cii^ 1 <o^m 1 1 a tmi)^Z 

*iSl 1 a3!»»6©^l 0 0 a b?:<il^-r-S>SPFlS.O'^2 

©(li^5^-i2a. 1 3 a<bi*;^=¥»a^^lf*^^— 
«:rsfc^^>©**s?:^-^1f 2 1 ai»f;&>a**i>-^-'<'tf 50 



1$gg¥8 - 1 0 97 0 
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2 1 a»cJ:-3T:i*Jl'=¥?^^?&**l^— <b$tifc3l£^l 
00ab*2O©j6mi0 0a. 1 0 0 b CC^fl^WrSH 
1 tD->^—-P 5 5-14 a i^Wf^S. 
[ 0 0 6 5 ] 0 1 ©3t^3S«E{C. II 1 <D>'^-7 5 5- 
1 4aK:J:-3r^e.n/£»l©^K:*10 0a%M»frS 
ytAOmoS^i-fitS 1 aiUKOife^l 0 0 a©x 
*;l/^q^?r?li^-r 5fc»©^ 1 ©r - 2 3 a 

tmmi3:mmi^itFim(i>i&'^mri>m i ©vxi'2 5 

a<!:»l©36mi OOa^a^Ur^lOvXi'ZSa 

©tia*a^#^4 1 0 ©m 1 ©Jl 1 0 A©MS*®K:iS«t3 

1±5/cJ*©ll 1 ©U>:^2 7 a i 
[00661^1 ©3fe^»»M«:*fc. m 1 ©-'>-7 5 
7-1 4aK:j:o-r»6n?tll2©3l&mi 0 0 b*ffi»t 
f S/cJs?>©ll2©J^i':'3»3 1 b<!:m2©^mi 00b 
«:ffl|6|-r 5:t«i>©ll3 ©Ol^ 5 5 - 1 4 b i x4^^^=^^'?^ 
S.'S:^fi1tlb<Dm2<DT 9 9-^-^2 3 b ijg^& 

mtmiL\ipim)^^mir^m2 ©vj^i? 2 5 b ^112 

©jfemi 00 b?:ai3tUTlf2©v;;^d'2 5 b©«5:ffi 
^tm 1 0©»2©» 1 0 B©M**BtCie«-r5/ti«>© 
|?2©U>::?2 7 b t^WTS. 
[0 0 6 7] S2©3t^l3:®2©31HHl 1 ctm^i> 

jeisi 1 c*6©3!£i 0 0 c?fe«rsrr«^4jtiy:^5© 

(BlfiJ59-12c. I 3 c tx*;l/^^?^^3-^«:l&-«c 
•rS/£«&©^3©'^*5^:^-<-f 2 1 ciKlr*'^'1^-=e5^:^ 

m 1 0 0 c =£«isir sme ©fflisj 5 5- 1 4 c t 

ip^^jS^S ti:Sfc«)©Sr3 ©Ti»7^*-3'23ci 
2lS)ajett»litOT}^©.«*^&'i"'SI? 3©-7;^ 2 5 c 

4:»3©*m 1 0 0 c ssyeursf 3 ©-^^^ 2 5 c © 

m=S:W.-^iiUl 0©S^3©Jil 0C©M«ffi{Ctt«S-a^ 

^)/c*©^3©w>x2 7 ci^^rra. 

[0068] *fl^U-1f»0XSa»W6^5fi«. II 1 . 
l|2ROf03©3e«l 0 0 a. 100b. lOOc^rS 
^*ti^l 0®M*f®©— •^«:^<fc*«c. Sr7©(BlB)5 
7-1 5 a<i:02SJy:||3©-'>-7S5- 1 5 b. 16 

[0 06 9] ||2©U>X2 7 b<fcOaiS*$*i3t^2© 
3^1 0 0 b»02at/»3©/N-7 55- 1 5 b. 1 
6 J&jga L-ca^t*W 1 0 ©*ffi© 1 *.*MSfr I» 
1©U>X2 7 a^igftL/c^l ©Tt^l 0 0 a(*07 
©<Sl5l5 5-16aCCj:-9-C'(S(^3tl. II2©>'n-7 5 
5- 1 5 b K:aS*>n5. l ©*m l O O a Ji02©/^ 

-7 55-1 5 btcj:-oriECc^SrSiS*iT»2©jemi 

0Ob©3feSS«:^*'n-5. Lz-CUl©*^! 00 a 

4>ffl^**^ 1 0 ©sa©Mit.^.fc^*>ti-s. 

[0 07 0] m3©U>X2 7 c=£igaL;fc^3©3t^ 
1 0 0c^^^4©>'^-:7 5 5-l 6fC<k-oTiir6]$n. 

^2©^^ 1 0 0 b©^«:^3!>>ns. C-5l/r^3© 

^em 1 0 0 c hm^^u 1 o©^m©ms*,'^{css3!p*^ 

5. 
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